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(57) [Abstract] 

[Problems to be Solved by the Invention] 

Burning when vulcanizing is controled, vulcanization agent 
for rubber whichas it improves, can produce thermal stability 
of vulcanized rubber simply and the rubber composition 
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T-** ArT?* J:t ^«*» 4 Jil±<DaHb7K5i«£ 
Claims 

I] 

TE*(l)-C**Jh.**W=*3j— ***** 

$*ssft£ 2 a 6 JUTtLfc7tfgx;u^K«^ 



[fcl] 
HS' 



;-|-Y-S)f|-Y- 



which includes that are offered. 

[Means to Solve the Problems] 

unsaturated hydrocarbon chemical compound which 
possesses polysulfide polymer and unsaturated alicyclic 
compound* electron withdrawing group which possess thiol 
group in terminal, or, epoxy compound which possesses 
hydrocarbon group of carbon number 4 or more which is 
possible to include heteroatom reacting, capped chain after 
doing terminal thiol group, in adding sulfur in the main chain 
of polysulfide polymer depending, vulcanization agent for 
rubber which consists of polysulfide polymer which 
designates average number of bonds of sulfur in repeat unit as 
2 super 6 or fewer and rubber composition 0 which uses that 



[Claim(s)] 
[Claim 1] 

unsaturated hydrocarbon chemical compound which 
possesses polysulfide polymer and unsaturated alicyclic 
compounds electron withdrawing group which possess thiol 
group in terminal which is shown with thebelow-mentioned 
Formula (1), or, epoxy compound which possesses 
hydrocarbon group of carbon number 4 or more which is 
possible to include heteroatom reacting, capped chain after 
doing terminal thiol group, in adding sulfur in main chain of 
polysulfide polymer depending, vulcanization agento for 
rubber which consists of polysulfide polymer which 
designates average number of bonds of sulfur in repeat unit as 
2 super 6 or fewer 

[Chemical Formula 1] 



SH (1) 



>S£SU n I* 1-100 CDgft. X I* 1.5-3 T'fc 

So) 

itmm 2] 

mzm$to>y-t$«£-&m< 3-5 -e&*n*a i 



[«*« 3] 

ffJfE*!S«]J!iS5Ub£*&A<. vv^a^^v 

[K3JUS4] 



(In Formula, Y displays alkylene group which is possible 
toinclude heteroatom, as for n as for integer* X 1 - 100 1.5 - 3 
is.) 

[Claim 2] 

average number of bonds of aforementioned sulfur 3-5 
vulcanization agento for rubber which is stated in Claim 1 
which is 

[Claim 3] 

Aforementioned unsaturated alicyclic compound, 
vulcanization agento for rubber which is stated in Claim 1 or 
2 which is a dicyclopentadiene 

[Claim 4] 
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Specification 

[0001] 

[£8ia>B-r&8«rtt»] 

tBj£ftl=HU BI=BL<tt, fia«SB#(»^lt$ 
ffl«U MzfA<D$$5£tf £|S]±£t!-a<!:<t: 
tic, ®fiElcSjg-rsc«tA<T'#§=fAfflJnSS 



[0002] 

z (0 *° ' J 7. ; u 7 4 K $S •& * 0) H ± a> JS £ 

i»l«ttMtl=S&4*0>i:froT:L*5. 
*<Dfc«K in«S;|ifc:f A0)§lMt»»i:LT. 

****lT#fclDtt»©*<li. M*lC|gj§ 

*fc, ai*i|jt*il=J:oTftiaWAi:Wf|ft*ft 
ttl***H**»*li«*a>a>, WJS^^^btt 



[0003] 

to m =r a © ft $ £ tt * a * $ § =r a « d a « 

IfUJzTAXSfllKtrlE). 167 H, B*=fAtSS 
#11(1973). (2)^fiEa A/\>K*y$, 237 

#nn. jh* mm, **3E*a 

(1960)#Bg) o 
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Vis-a-vis diene rubber 1 00 parts by weight, vulcanization 
agent for rubber which is stated in the Claim 1-3 0.1 - 30 
parts by weight rubber composition which is combined 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards vulcanization agent for rubber and 
rubber composition which includesthat, furthermore details 
control burning when vulcanizing, regard the vulcanization 
agent for rubber which as it improves, can produce thermal 
stability of the vulcanized rubber simply and rubber 
composition which includes that. 

[0002] 

[Prior Art] 

When sulfur which is used generally widely it uses, as 
vulcanization agent of vulcanizable rubber as crosslinked 
structure between carbon chain of rubber, polysulfide bond it 
isformed mainly. 

Connection of sulfur in this polysulfide bond is weak in 
thermal, to be cutoff damages easily, vulcanized rubber which 
inevitably contains polysulfide crosslinked structure mainly 
becomes something which is inferior to heat resistance. 

Because of that, research regarding vulcanization agent and 
vulcanization accelerator whichform mono sulfide bond 
and/or disulfide bond mainly as crosslinking morphological 
form of rubber which is vulcanized,is done actively. 

But, many of vulcanization agent which is reported in order 
until recently toachieve above-mentioned objective while 
vulcanizing being somethingwhich generates nitrosoamine of 
carcinogenic, had problem in safety. 

In addition, as for vulcanized rubber and heat ageing 
resistance although certain extent it isimproved, as for 
resistance fatigue aging characteristic and flexural cracking 
resistance there was a problem that with vulcanization 
accelerator decreases. 

[0003] 

On one hand, when vulcanizing without generating 
nitrosoamine polysulfide polymer which contains sulfur of 
large amount in molecular chain as vulcanization agent for 
rubber which improves thermal stability of vulcanized rubber, 
was reported, (for example (1) rubber industry handbook 
(New edition), 1 67 page* Japan Rubber Association 
compilations (1973), (2) synthetic rubber handbook* 237 
page* Kanbara lap, Kawasaki Kyouichi, Kitajima grandchild 

„„„ r? 1.: — nn^m — r \ 
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(4$B8BB 57-170939 



y. wmzmmtoit&uwffX 2,235,621 

[0004] 

ffl*m*LTlB*«fC*fc*<DI*, 5F»*tt 

Ki»i:A<a*-r-5Jiaa«l2:Lr«ffl-e**. 



©*«>*i)Qtt*li:LTflll*fc»*, 
±Wf>1-l*37U=, «yiSU*tt<t»a>*lta>¥ 



*-cr% MB#<D&ita>ifiit-£flD8iiB$i!firo3a 

^-iU»*it«(x>K4r^^)Lfc*l=. ti 
*<tb*tr#fc(^BB¥ 10-120788 #). 



[0005] 



one, Furuya Masayuki compilation (1960) reference). 

In addition, as for polysulfide polymer because it is a liquid, 
when it uses, as vulcanization agent with sulfur after 
vulcanizing there is not either (Movement) worry which 
bloom is done, unlike vulcanization (Japan Unexamined 
Patent Publication Showa 57-170939 disclosure ). 

But, because as for conventional polysulfide polymer, odor is 
strong with volatility, the vulcanized rubber which uses this as 
vulcanization agent being something which gives out 
thestrong odor, was not suited for utility, (U.S. Patent 
2,235,621 disclosure ). 

[0004] 

On one hand, as material for sealing are developed it can 
utilizeany which, even in polysulfide polymer from fact that it 
is a liquid substance where odor is little with nonvolatile, as 
vulcanization agent which is mixed with rubber substance 
well. 

But, when above-mentioned liquid polysulfide polymer itself 
it uses, as vulcanization agent fromfact that end group 
structure of polymer is thiol group, when 
vulcanizingvulcanization advances to early stage, in addition 
to fact that the so-called burning is easy to occur, from fact 
that average number of bonds of the sulfur in repeat unit is 2 
or less, there was a or other problem which needs long 
vulcanization time. 

Then, terminal thiol group in polysulfide polymer capped 
chain after (end cap ), technique whichincreases was taken 
number of bonds of sulfur in repeat unit withpreventing 
burning when vulcanizing and shortening vulcanization time 
as the objective, (Japan Unexamined Patent Publication Hei 
10-120788 number). 

terminal thiol group of terminal thiol group polysulfide 
polymer capped chain do, sulfur reacting, polymer which 
when it increases, acquires quantity of sulfur bond in main 
chain generating hydrogen sulfide in air, becomes unstable 
substance which changes to highly viscous substance, uses is 
not possible as vulcanization agent for rubber. 

Because of that, increases of quantity of sulfur bond in 
polysulfide polymer main chain capped chain after doing 
terminal thiol group, are something which it should you do. 

When producing polysulfide polymer for namely, rubber 
vulcanization, important process is process which produces 
polysulfide polymer which terminal thiol group of terminal 
thiol group polysulfide polymer the capped chain is done. 

[0005] 

As for conventional method which thiol group of terminal 
thiol group polysulfide polymer capped chain is done, the 
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[0007] 

(tot, *&9ia||fll*. AD{SB#(7)^lt^ffl$l] 

■So 

[0008] 

[fSS£8?iifc-r3fc#>cD^f£] 
*SHlcJ:4ilf . TIESCd)****.***!:: 

itf*v{b£&££KJ££ttT5£SS^3f--;uS 

*Jt«ft»***Ci:l=J:y. fM£L*tt+a 
*JtO¥«MS*tt* 2 fl 6 JilT£U=*°'M;i> 

5. 



[0009] 
[ft 2] 



2001-2-20 

hydrogen halide which reacting, forms alkyl halide chemical 
compound in thiol group terminal polysulfide polymer with 
amine compound trap method of doing. Or, when thiol group 
terminal polysulfide polymer is formed, you can list method 
which does the end-capped chain simultaneously with alkyl 
halide. 

Regarding whichever technique amine salt and sodium salt it 
is formed, as the by-product these salt compound complex 
operation, filtration removal and washing becomesnecessary. 

Therefore, capped chain is done polysulfide polymer which 
was sought terminal thiol group which can be produced more 
simply. 

[0006] 

In addition, as for substituent which terminal thiol group 
capped chain is done, the scorch prevention of former 
vulcanization time being something which isintroduced as 
objective, considering compatibility and dispersibility for the 
rubber of vulcanization agent for rubber which consists of 
polysulfide polymer toimproving, as for those which are 
selected it was not. 

[0007] 

[Problems to be Solved by the Invention] 

Therefore, it is to offer vulcanization agent for rubber where 
problem of this invention can control burning when 
vulcanizing, as it improves, canproduce thermal stability of 
vulcanized rubber simply and rubber composition which 
includesthat. 

[0008] 

[Means to Solve the Problems] 

According to this invention, unsaturated hydrocarbon 
chemical compound which possesses polysulfide polymer and 
unsaturated alicyclic compound % electron withdrawing group 
which possess thiol group in terminal which isshown with 
below-mentioned Formula (1), or, epoxy compound which 
possesses hydrocarbon group of carbon number 4 or more 
which is possible to include heteroatom reacting, capped 
chain after doing terminal thiol group, in adding sulfur in the 
main chain of polysulfide polymer depending, vulcanization 
agent for rubber which consists of polysulfide polymer which 
designates average number of bonds of sulfur in repeat unit as 
2 super 6 or fewer is offered. 

[0009] 

[Chemical Formula 2] 
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HS' 



( +Y-Sx4-Y-SH (1) 



>S££U n \t 1-100 X I* 1.5-3 T'fc 

<So) 

[0010] 
[0011] 
[0012] 

Mlc,*«0J|Zck^l«. vx>&=TA 100 am 

SBic^LT,t(rf5=rAffljp^j$ 0.1-30 mm 

[0013] 

ja***ctft<#fc*. ca>«**a>±«+i:: 



*fc,«ieJAfflinsiasyx>36=fA too s 

ftgpicftLT. 0.1-30 SftgPE^-T^CirlCcfc 

[0014] 



(In Formula, Y displays alkylene group which is possible 
toinclude heteroatom, as for n as for integer* X 1 - 100 1.5 - 3 
is. ) 

[0010] 

In addition, according to this invention, average number of 
bonds of aforementioned sulfur is offered 3 - 5 vulcanization 
agent for rubber which is. 

[0011] 

In addition, according to this invention, aforementioned 
unsaturated alicyclic compound isoffered, vulcanization agent 
for rubber which is a dicyclopentadiene. 

[0012] 

Furthermore, 0. 1 - 30 parts by weight rubber composition 
which is combined is offered the vulcanization agent for 
aforementioned rubber according to this invention, vis-a-vis 
diene rubber 100 parts by weight. 

[0013] 

[Embodiment of the Invention] 

As for these inventors, result of diligent investigation, 
unsaturated hydrocarbon chemical compoundwhich possesses 
polysulfide polymer and unsaturated alicyclic compound^ 
electron withdrawing group which possess thiol group in the 
terminal, or, by addition reaction doing epoxy compound 
which possesses hydrocarbon group of carbon number 4 or 
more which is possible to include heteroatom on basis of the 
Prior Art which description above is done, after acquiring 
polysulfide polymer which terminal thiol group capped chain 
is done without forming by-product, By adding sulfur in main 
chain of this polymer, polysulfide polymer it is a producible 
with simpler technique as vulcanization agent for rubber, you 
discovered, this invention reached to completion. 

In addition, heat ageing resistance of rubber composition 
which is vulcanized by combining vulcanization agent for 
aforementioned rubber vis-a-vis diene rubber 100 parts by 
weight, 0. 1 - 30 parts by weight, greatly discovered also fact 
that it improves. 

[0014] 

In addition, freely be able to select terminal functional group 
which is introduced,adjusting to types of rubber, compatibility 
and dispersibility for the rubber by selecting appropriately, it 
can improve vulcanization agent for the rubber of this 
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[0015] 
[0016] 

5t(I)+. Y 14. *f £UI4, 1-24 (Dmm 

tt^=tt#tttta>7;u*u>** «U 7^* 

fliLtf.Y tLt^fL/Xif^^atfU 

yxb> x f>b>, ^>-f*>U>, KfvU 
i-**;ux*u>. i->^;u^Dt°u>,2-^ 
^;u^ot°u>, l,l.y^f;Hfl/>,t*yv 
x^u>, >fb>-t^(t*vxfu>), x^u 

T;U-N,N-vX^U>l?tf¥lfb*t£o 
[0017] 

Y A^fU>-eX(t*yXfU>)tfcS»6 

*n-JU LP-3(¥£)#^S 1000), ;U 
LP-55(¥19#?-» 4000)A<*lf b*L^o 

[0018] 

x;u?*f KM£<*I4, ±ESt(ir<?5F**i4*«l 

fflL^Ctft<f**DfiJC*#*CfcfCj:or»Jft 
[0019] 

14, #^rtB|*lz-«»d*'>ft<i:t— 3d 

t^»ioiBaa^tt'eft*itfi*i=«iiB*tt 

/s^vx>, v^P^xV, v^D^^vi 
>, V^P/N^h'JX>, v^p^x v^P 
tWyi>, v^P^^h'Jx>. v^p*^ 
^fh^xv. /;i/7H;u*>(t*i/^P[2.2.1]^^h 
-2-x>). y;U7tf;uf-vx>(ev^P[2.2.l]^^ 
h-2,5-5/X>)fcJ:t;ctie><07;U*^*fctt7 
;u^x;u£fd47;u*Ux>S&#;^>*P'< 
>*vx>, h'Jyi7P^yx>,fhr>^P 
/<>$vx>lf<7>^uev^P^^vx>jSfc 



invention, from midst of multiple kinds. 
[0015] 

polysulfide polymer which possesses thiol group in terminal 
which you use as the starting material of vulcanization agent 
for rubber of this invention is something which isshown with 
above Formula (1). 

[0016] 

In Formula (1), Y displays alkylene group of straight chain or 
branched of the preferably, carbon number 1-24, is possible 
to include oxygen, sulfur or nitrogen atom or other 
heteroatom in alkylene group. 

As for example Y, methylene, ethylene, propylene, 
butylene, pentylene, hexylene, octylene, nonylene, 
decylene, undecylene, dodecylene, 1- methyl ethylene, 
1- methyl propylene, 2- methyl propylene, 1,1- dimethyl 
ethylene, oxy diethylene, methylene-bis (oxyethylene 
group ), ethylene-bis (oxyethylene group ), you can list thio 
diethylene, N- methyl-N, N- diethylene etc. 



[0017] 

When Y is methylene-bis (oxyethylene group ), for example 
Toray Thiokol Co. Ltd. (DB 69-079-161 1 ) make liquid 
polysulfide polymer: Thiokol LP-3 (average molecular weight 
1000 ), youcan list Thiokol LP-55 (average molecular weight 
4000 ) as embodiment of polysulfide polymer which 
possesses the thiol group in terminal. 

[0018] 

addition reaction it does polysulfide polymer which first 
terminal thiol group of this invention capped chain isdone, 
polysulfide polymer and unsaturated alicyclic compound 
which possess thiol group in terminal which is shown with 
above Formula (1), without using in or solvent the solvent, it 
can produce with . 

[0019] 

It is a unsaturated alicyclic compound which if double bond at 
least one is included in intramolecular ringas unsaturated 
alicyclic compound which is used for this reaction, especially 
it is notrestricted. cyclopentene, cyclohexene, 
cyclohexadiene, cycloheptene, cyclo heptadiene, 
cycloheptatriene, cyclooctene, cyclooctadiene, 
cyclooctatriene, cyclooctatetraene, norbomene (bicyclo 
[2.2 . 1] hepto -2- en ), norbornadiene (bicyclo [2.2 . 1] 
hepto-2,5-diene ) and these alkyl or alkenyl or alkylidene 
substituted compound; dicyclopentadiene, 
tricyclopentadiene, tetra cyclopentadien or other poly 
bicyclo heptadiene and you canlist these alkyl or alkenyl or 
alkylidene substituted compound etc. 
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x^U^>ev^a[2.2.l]^K2-x>), 5-Lfx 
^:7h-2-x>)* 4-tf-;u-i-v£P'N*-tr>, 

[0020] 
[0021] 

*a>-cttfc<. PSxf^k ftl*:/pfcr;u. Rll 

^tKP^>. vx^u>^Un-;uv^;ux 
— 7 L ;u^(Dx-<T;uS;h;ux> s **>U>3|t7) 
SWfeBHb****:/*:/. ^*-*>, v*p 

h73=K* s;^ib*;uAr5K»a>T5K«» 
»;N-yWltfP'JK>, eP'JK^fltfPUKV 

K«*{* 100 MttKttLT 1~20 aasp. 

[0022] 

fiJCl*. 10-150 deg C* #£L<I* 



Among these, 5 -ethylidene -2- norbornene (5 -ethylidene 
bicyclo [2.2 . 1] hepto -2- en ), 5 -vinyl -2- norbornene (5 
-ethylidene bicyclo [2.2 . 1] hepto -2- en ), 4 -vinyl -1- 
cyclohexene* tetrahydro indene* dicyclopentadiene, in 
intramolecular the terminal thiol group and selectively of 
polysulfide polymer rubber molecule and crosslinked 
structure from factthat it has both of moldable double bond, 
are desirable at time of the double bond and vulcanization 
which react. 

Especially, dicyclopentadiene is used by common widely, is 
desirable fromfact that it can procure in inexpensive. 

[0020] 

If reaction of thiol group terminal polysulfide polymer and 
unsaturated alicyclic compound should have reacted 
equivalent,but not to be something which is limited in 
especially this theory equivalent ratio,proportion of thiol 
group terminal polysulfide polymer and unsaturated alicyclic 
compound can decide carbon-carbon double bond in 
unsaturated alicyclic compound appropriately usually 
vis-a-vis thiol group of thiol group terminal polysulfide 
polymer. 

[0021] 

If it is something which melts thiol group terminal polysulfide 
polymer and unsaturated alicyclic compound in uniform as 
solvent which is used for this reaction, it is not something 
whichespecially is limited, it can illustrate ethylacetate* 
propyl acetate* butyl acetate or other esters; acetone* 
methylethyl ketone* methyl isobutyl ketone or other ketones; 
tetrahydrofuran* diethylene glycol dimethyl ether or other 
ethers; toluene* xylene or other aromatic hydrocarbons; 
pentane* hexane* cyclohexane or other aliphatic 
hydrocarbons; dimethylacetamide* dimethyl formamide or 
other amide type solvent; N- methyl pyrrolidone* 
pyrrolidone or other pyrrolidone solvent; etc. 

It is a preferably* dimethylacetamide. 

dimethylformamide* N- methyl pyrrolidone and these mixed 

solvent. 

In addition, in under absence of solvent it does, this reaction, 
it ispossible . 

As for amount used of solvent, 1 - 20 parts by weight* 
furthermore 1-10 parts by weight are desirable vis-a-vis 
terminal thiol group polysulfide polymer 100 parts by weight. 

[0022] 

Reaction, with for example 10-150 deg C * preferably 
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30-130 deg C \ZX. 1-36 BtPfl, »*L<I4. 
3-20 B*HHfT*.f*«fcl*o 

io deg c j:y<si^ajs-eiisai3fi»m*« 

L, 150 deg C J:ySH^;Sfl["CSlC*tToTt-t 
[0023] 

hog, >uMC/»*a>**(ft3ltt»**rr* 

■&-6Ctl=J:oT«iS-r«c:i:4<"C*4. 
[0024] 

k x^U(y*)7$'JU— K J+MWrW 
b— k 2-x^^/n+v;u(^)T^7 , JU— h, v> 
*;U75/x^U(y$)7£UU-k yxf^TH 

ixf;i/;7i/08, f*=»B!^0> 
?K'J*JU*>»ta** 1-20 a>M*fcli# 
ig(7)T;un— ^irCDvxx-x;u*f-l4/\— ^x 

^f;i/;»ie-ik ^abT^>»e-iU*a)tf 

^□h>7£K3fa> n,n-v7;u*;u7*K££* 
^U7S/t*-;ux;u7to^<Dx;u*:/&£*r 

So 

[0025] 

f*i*tt»«<b**fls£tti:a>K«li, 

;uSfc«LT^tS?om<b7K*<b&a)^*-K» 

a»asiti3H3e**i**a)'eiift<. 



30-130 deg C, 1 - 36 hours, preferably, 3-2 0 hour it should 
have done. 

With temperature which is lower than 10 deg C lengthy is 
required inreaction, reacting with temperature which is higher 
than 150 deg C, the improved effect of reaction which to that, 
it corresponds is not acquired,it is not a good plan with 
respect to economy. 

[0023] 

addition reaction it does polysulfide polymer which second 
terminal thiol group of this invention capped chain isdone, 
under existing of catalyst unsaturated hydrocarbon chemical 
compound whichpossesses polysulfide polymer and carbonyl 
group, carboxyl group, nitrile group, nitro group, 
sulfone group or other electron withdrawing group which 
possess thiol group in terminal which is shown with above 
Formula (I), without using in or solvent the solvent, it can 
produce with . 

[0024] 

TRANSLATION STALLED electron withdrawing 
groupunsaturated hydrocarbonacrylic acid; methyl aery late, 
ethyl acrylate, ethyl acrylate, butyl acrylate, 2- 
ethylhexyl acrylate, dimethylaminoacrylate, diethyl 
aminoethyl acrylate or other acrylic acid ester; maleic acid, 
fumaric acid, itaconic acid or other polycarboxylic 
acidcarbon number 1 -20straight chain or 
branchalcoholdiesterhalf ester; vinyl acetate, vinyl 
propionate or other vinyl esteracrylonitrile or other nitrile 
group-containing vinyl compound; N- vinyl pyrrolidone, N, 
N- dimethyl acrylamide, N, N- dimethyl crotonamide or other 
N, N- dialkyl amide group-containing vinyl compound; 
methyl vinyl sulfone, N, N- dimethylamino vinyl sulfone or 
other sulfone groupvinyl compound; acetylene carboxylic 
acid methyl, dimethyl acetylene dicarboxylate or other 
carboxyl group-containing acetylene compound; N- phenyl 
maleimide, N- vinyl imidazole, vinyl pyridine or 
otherunsaturated hydrocarbonmeth meth meth meth meth 
meth meth meth meth meth 



[0025] 

If as for reaction with polysulfide polymer and unsaturated 
hydrocarbon chemical compoundwhich possess thiol group in 
terminal, equivalent it should havereacted, but not to be 
something which is limited in especiallythis theory equivalent 
ratio, proportion of thiol group terminal polysulfide and 
unsaturated hydrocarbon chemical compound candecide 
carbon-carbon double bond of unsaturated hydrocarbon 
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[0026] 

Ka^ft 100 m&mztiLx 1-20 sssp. *& 

lei* l-ioSMtf&SU*. 
[0027] 

fflt>4tt«tLTI*. 3 «75:/fl:**. 7MJ^ 
[0028] 

3 «75><b**fcLTI4, =E/75>^I. i>75 
>», HJ73>SL 7K'J73>flL SM*75>flL 
7;Ua-;U73>3I. x~rJU7S>S*!&<*illf 

ffjjttf. MJX?;U73>. h'J^Pt°;U75>. K 
'J ? * ;U 7 5 > O K 'J 7 * M/ 7 5 
>,N,N,N' ,N' -f^^fJUf^vTi^. 
N,N,N' ,N' -Th5>^ ^0/0-1,3-^75^. 
T-Vjt+foVT-VS, N,N' •i}*¥ll,\£'<W 
>. l,8-v7-9 : t*->^a[5.4.0]-7-O>7 : -tr> 
(DBU) . 1 ,4- v 7 If fc* V ? D [2.2.2] * 0 * > 
(DAB CO). t*X(2 -i/^;U75/x^;i/)X— r- 

[0029] 

KS£i* 100 SSgPlcM LT 0.01-5 fififfi. $ 
bicli 0.05-1 fi4SPA<»*LL>„ 

[0030] 

SlSli. fllxli. 10-130 deg C. #£L<li 
30-110 deg C ICT. 1-36 B#RiJ. »£L.<I* 3-20 
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chemical combination appropriately usuallyvis-a-vis thiol 
group of thiol group terminal polysulfide polymer. 

[0026] 

If it is something which melts thiol group terminal polysulfide 
polymer and unsaturated hydrocarbon chemicalcompound in 
uniform as solvent using for this reaction, it is notsomething 
which especially it limits, to illustrate solvent which ituses 
occasion where it reacts it is possible above-mentioned 
unsaturated alicyclic compound. 

In addition, in under absence of solvent it does, it is possible. 

As for amount used of solvent, 1 - 20 parts by weighty 
furthermore 1 - 10 parts by weight are desirable vis-a-vis 
terminal thiol group polysulfide polymer 100 parts by weight. 

[0027] 

You can list tertiary amine compound* sodium methoxide* 
sodium ethoxide or other alkali metal alkoxide and 
tetramethyl ammonium hydroxide* benzyl trimethyl 
ammonium hydroxide or other quaternary ammonium salt 
chemical compound etc as catalyst which it uses. 

[0028] 

As tertiary amine compound, monoamine, diamines* 
triamine, polyamines* cyclic amine and alcohol amines* 
ether amines etc arelisted. 

for example triethylamine* tripropyl amine* tributyl amine 
or other trialkyl amine,N,N, N&apos;, N&apos;-tetramethyl 
ethylenediamine* N,N, N&apos;, N&apos ;-tetramethyl 
propane- 1, 3- diamine* tetramethyl guanidine, N, 
N&apos ;-dimethy I piperazine* 1,8-diazabicyclo [5.4 . 0] - 7 
-undecene (DBU ), 1 and 4-diazabicyclo [2.2 . 2] octane 
(DABC O ), you can list bis (2 -dimethylamino ethyl) ether* 
pyridine etc. 

These tertiary amine compound making use of 2 kinds or 
more are good. 

[0029] 

As for amount used of catalyst, 0.01-5 parts by weight* 
furthermore 0.05 - 1 part by weight are desirable vis-a-vis 
terminal thiol group polysulfide polymer 100 parts by weight. 

[0030] 

Reaction, with for example 10-130 deg C* preferably 
30-1 10 deg C, 1 - 36 hours* preferably 3-2 0 hour it should 
have done. 
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[0031] 

*JU7*K«*i*tt» ±IEa(irC«*ilt4;fc*l 
[0032] 

if bti-5>o 

SUbTKiftSiL-Tli. ^'Jx;u^K«^{*03 

^>^;u. ^**>;u. irOf-fo, J- 

i-^^u^ne^u. i,i-y>f 

±KBMb**a&4>C:il*. &X. 
©^■f-ow^dAz-ct >Mr->:7Ptf;K 

-N-^PbT;u75y, *i**2/7x-;i>. 7i;+v 

[0033] 

(*tx»K**>fc6*©fiJCtt. a***— ju* 

*vl£J:l>A<. <$lcC<7)S!i^SJtlc|S^^ 
*(*i:X7K**>fc*tt«)«tkl*. a»c**T? 

[0034] 
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With temperature which is lower than 10 deg C lengthy is 
required inreaction, reacting with temperature which is higher 
than 130 deg C, the improved effect of reaction which to that, 
it corresponds is not acquired,it is not a good plan with 
respect to economy. 

[0031] 

In polysulfide polymer which possesses thiol group in 
terminal which is shownwith above Formula (1), addition 
reaction it does polysulfide polymer which terminal thiol 
group of the third of this invention capped chain is done, 
under existing of catalyst the epoxy compound which 
possesses hydrocarbon group of carbon number 4 or more 
which is possible toinclude heteroatom, without using in or 
solvent solvent, it canproduce with . 

[0032] 

You can list glycidyl ether compound* glycidyl ester 
compound, glycidyl compound etc which possesses 
hydrocarbon group of carbon number 4 or more which is 
possible to include heteroatom as epoxy compound which is 
used forreaction. 

As hydrocarbon group, if it is something of carbon number 4 
or more where compatibility for the rubber molecule of 
polysulfide polymer is high, especially restriction is not done. 
You can list butyk pentyk hexyk heptyk octyk 
nonyk decyk undecyk dodecyk stearyk l- 
methylpropyk 2- methylpropyk 1,1- dimethyl ethyl and 
ethylhexyl or other alkyl group; phenyk naphthyk anthrace 
Lu or other aryl group; tolyk xylyk butyl phenyl or other 
alkyl aryl group; etc. 

In addition, it is possible to include oxygen % nitrogen* 
sulfur or other heteroatom in theabove-mentioned 
hydrocarbon group, methoxypropyk ethoxyethyk 
methylthio propyk N- methyl-N- propyl amino* 
methoxyphenyk phenoxy phenyk methylthio phenyk N, 
N- dimethylamino phenyl or other hydrocarbon group can list. 

[0033] 

If as for reaction of polysulfide polymer and epoxy compound 
which possess thiol group in terminal, equivalent it should 
have reacted, but not to besomething which is limited in 
especially this theory equivalent ratio, proportion of thiol 
group terminal polysulfide polymer and epoxy compound can 
decide epoxy group of epoxy compound appropriately usually 
vis-a-vis thiol group of thiol group terminal polysulfide 
polymer. 

[0034] 

If it is something which melts thiol group terminal polysulfide 
polymer and epoxy compound in uniform as solvent which is 
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A<*|f b*l* 2 ««»±* ffll*T*J:l*. 



KS£t* ioo maspic^LT 0.01-5 sasu. $ 
bicit o.o5~i m»a<#*u*o 

[0036] 

Sftli, 01*1** 10-120 deg C* » £L<li 
30-1 10 deg C ICT* 1-36 B#Pif]* »*L<IA 3-20 

10 deg C £ym*aa a eiifi£i;:&ttiires 

L* 120 deg C cfc L JiSt^SJS^5J^StTO-Cti- 
♦HzftAofcR«<D|Sil±«l*l*»&*ir . & 
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[0038] 

li*#P?8¥ 10-120788 #»«=B«**iW*a 
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used for this reaction, it is not something whichespecially is 
limited, you can list for example ethylacetate* propyl 
acetate v butyl acetate or other esters* acetone* 
methylethyl ketone* methyl isobutyl ketone or other ketones; 
tetrahydrofuran* diethylene glycol dimethyl ether or other 
ethers; toluene* xylene or other aromatic hydrocarbons; 
pentane* hexane* cyclohexane or other aliphatic 
hydrocarbons; etc. 

It is a preferably* ethylacetate* methylethyl ketone* 
tetrahydrofuran* toluene. 

In addition, in under absence of solvent also it is possible 
todo. 

As for amount used of solvent, 1 - 20 parts by weight* 
furthermore 1-10 parts by weight are desirable vis-a-vis 
terminal thiol group polysulfide polymer 100 parts by weight. 

[0035] 

You can list above-mentioned tertiary amine compound as 
catalyst which it uses, making use of 2 kinds or more you are 
good. 

As for amount used of catalyst, 0.01-5 parts by weight* 
furthermore 0.05 - 1 part by weight are desirable vis-a-vis 
terminal thiol group polysulfide polymer 100 parts by weight. 

[0036] 

Reaction, with for example 10-120 deg C* preferably 
30-110 deg C, 1 - 36 hours* preferably 3-2 0 hour it should 
have done. 

With temperature which is lower than 10 deg C lengthy is 
required inreaction, reacting with temperature which is higher 
than 120 deg C, the improved effect of reaction which to that, 
it corresponds is not acquired,it is not a good plan with 
respect to economy. 

[0037] 

Adding sulfur to polysulfide polymer which terminal thiol 
group which is acquired atdescription above capped chain is 
done, in main chain of polymer by the sulfur reacting under 
for example alkali catalyst, it can acquire vulcanization agent 
for rubber which consists of polysulfide polymer which 
designates average number of bonds of sulfur in repeat unit as 
2 super 6 or fewer. 

[0038] 

manufacturing method of this polysulfide polymer does with 
method and similar method which are stated in for example 
Japan Unexamined Patent Publication Hei 10-120788 
disclosure, it is possible . 
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£L**<ft*a>*X3-**-fAfcBl«** 
[0039] 

7JU*UJWII*1#BB 3 F 10-120788 
(C»JP*tlfc 3 »75><b***a>*HEItt«* 

fc#'J>uu?-rK«£i* loo SfiSBlcfctLT, 
o.ooi-i mSSP, o.oi~o.5 Sfigflirf £ 

[0040] 

ffl*P««*yx>S^A 100 MSPKfctLT, 
0.1-30 MM.»*L<li 0.5-10 »fi«. *y 
»*L<lil~6««»BB^-r*. 



o.i Mtt*»-ci*+#fc»tta*A<»&*i 

*1tA<ttTt/CL*5 0 
[0041] 

[0042] 

ioo m»i=**lt* 0.1-5 m».»*l<i* 

0>3lMWtltf^. 



sulfur in order for average number of bonds of sulfur in repeat 
unit of the polysulfide polymer which is acquired to become 6 
or fewer, if it should have beenadded, in order for average 
number of bonds of sulfur to become 5 or less,furthermore it 
is desirable to be added. 

When average number of bonds of sulfur exceeds 6, thermal 
stability of rubber which isvulcanized to decrease, because 
burning when vulcanizing becomes easy to occur, in order to 
cause adverse effect to scorch time, it is notdesirable. 

[0039] 

alkali catalyst can use those which are illustrated to Japan 
Unexamined Patent Publication Hei 10-120788 disclosure, 
but when capped chain doing terminal thiol group of 
polysulfide polymer, continuing to step which terminal thiol 
group capped chain is done by using tertiary amine compound 
or other aforementioned catalyst which is added that way, it 
just adds only sulfur it can add the sulfur to polysulfide 
polymer easily. 

As for quantity of catalyst which you use, 0.001 - 1 part by 
weight, furthermore it is desirable vis-a-vis polysulfide 
polymer 100 parts by weight which terminal thiol group the 
capped chain is done, to make 0.01 - 0.5 parts by weight. 

[0040] 

rubber composition of this invention 0. 1 - 30 parts by 
weight, preferably 0.5-1 0 parts by weight, more 
preferably 1-6 parts by weight combines vulcanization agent 
for rubber which is acquired at description above vis-a-vis 
diene rubber 100 parts by weight. 

Under 0. 1 weight sections sufficient vulcanization effect is 
not acquired,when it exceeds 30 parts by weight, in addition 
to fact that improved effect abovethat is not acquired, 
scorching behavior (Burning) or other workability decreases. 

[0041] 

Be able to use natural rubber and diene-based synthetic rubber 
as diene rubber which is used for this invention, it is possible 
to use these with alone and, it ispossible to use with blend of 2 
kinds or more. 

As diene-based synthetic rubber, for example polyisoprene 
rubber, polybutadiene rubber, styrene butadiene rubber, 
butyl rubber, chloro butyl rubber, chloroprene rubber etc 
can be listed. 

[0042] 

In addition, with vulcanization agent for rubber of this 
invention jointly using sulfur, uses to be possible, 
compounded amount vis-a-vis rubber 100 parts by weight,0.1 
- 5 parts by weight, preferably 0. 1-3 parts by weight should 

1 !#. 
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[0044] 

liumfemmt. =r a ioo o.no 

M«k*e>lctt 0.1-5 SagBiB^-r4<7)A<» 

[0045] 
[0046] 

[MEM 

[0047] 

4000)300g IC N,N-v>^;UT-bhT5K 15g, T 
ffiftia85t<b£%£LTvv?P^>$vx:> 

20.0g*S8»]8L UOdegC-tfUfclHSH**^ 
f#b*lfc<b^0> lH-NMRX^h;U*«SL 



have made. 

Especially, it is desirable to use sulfur of little quantity 
incomparison with vulcanization agent for rubber of this 
invention. 

[0043] 

rubber composition of this invention can combine 
vulcanization accelerator* filler* softener* plasticizer* 
antioxidant etc which is usuallycombined in rubber 
appropriately. 

[0044] 

As vulcanization accelerator, thiuram vulcanization 
accelerator* dithiocarbamic acid like thiazoles vulcanization 
accelerator* tetramethyl thiuram disulfide like 
dibenzothiazyl disulfide* N- t-butyl -2- benzo thiazolyl 
sulfenamide* N- cyclohexyl -2- benzo thiazolyl sulfenamide, 
guanidine and thioureas* xanthic acid etc are used, it is 
desirable . 

As for vulcanization accelerator, 0.1 - 10 parts by weight* 
furthermore 0.1-5 parts by weight it isdesirable vis-a-vis 
rubber 100 parts by weight to combine. 

[0045] 

rubber composition of this invention above-mentioned each 
additive is producedmaking use of kneader device and for 
example roll* internal mixer* Banbury mixer etc for 
mixer* rubber of the public knowledge is mixed by . 

[0046] 

[Working Example(s)] 

Below, this invention furthermore is explained with Working 
Example , but it isnot something which limits range of this 
invention in these Working Example. 

[0047] 

Production of vulcanization agent 1 

terminal polysulfide polymer which possesses thiol group in 
terminal (Toray Thiokol Co. Ltd. (DB 69-079-161 1 ) 
corporation LP-55* molecular weight 4000 ) in 300 g the 
dicyclopentadiene 20.0g after adding, 18 -hour it agitated with 
120 deg C as N, N- dimethylacetamide 1 5g* unsaturated 
alicyclic compound. 

After reaction termination, polysulfide polymer which 
terminal thiol group which is a consistent matter quality of 
yellow capped chain is done was acquired. 

Result of measuring 1 H-nmr spectrum of compound which it 
acquires, fromfact that proton peak which derives in double 
bond in J ten ring hasdisappeared, verified capped chain of 
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Efc*»+lcttJ*»* no.6g <th'Jx 
o.9g £35ttu 90 deg c V 16 B#Fb182 

fi«0)Jtffi:i:*il3«J«»3RI*JfijfeLfc. 

90 deg C lz£l*Xfo£+i>ZtlzM % %ft& 

1 £ 430gf#fc o 

[0048] 

[ft 3] 



terminal thiol group to thiol group of polysulfide polymer and 
bicyclo of dicyclopentadiene. 

Furthermore, sulfur powder 1 10.6g and triethylamine 0.9g 
were added in reaction solution, 16 hours churning were done 
with 90 deg C. 

With advance of reaction sulfur powder disappeared. 

Next, solvent and triethylamine vulcanization agent 1 which 
is shown in thebelow-mentioned formula which is a consistent 
matter quality of reddish brown byremoving in 90 deg C, 430 
g was acquired in vacuum. 

[0048] 

[Chemical Formula 3] 



(jt + .nl* 23 -Cfe<5o) 
[0049] 

{*(SU^7|-=J-;Utt LP-55, tf^Pg 4000)300g 

lch;ux> i5g,®^»?lttg£*-t£*f&«] 

X^UT5> 0.9g %mu&s 100 deg C V 14 B# 

/Co 

#b*lfcft*1*(D lH-NMRX^HMfffllgL 

»*LTl**ci:*&, Sett**- ;u 
»<DitfB**BLfc. 

*6ic.sj6*a*ica)M»* no.6g zmu 

U 90 deg C T* 16 ftlBBIff * fTofc. 

90 deg c i=jsL^T**-r*cacj:y.#nft 

2$415g!#fco 
[0050] 



(In Formula, n is 23. ) 
[0049] 

Production of vulcanization agent 2 

acrylonitrile 8.0g* triethylamine 0.9g after adding, 14 hours 
churning were done with 100 deg C the polysulfide polymer 
which possesses thiol group in terminal (Toray Thiokol Co. 
Ltd. (DB 69-079-161 1 ) corporation LP-55. molecular 
weight 4000 ) as unsaturated hydrocarbon chemicalcompound 
which possesses toluene 1 5g* electron withdrawing group in 
300 g. 

After reaction termination, polysulfide polymer which 
terminal thiol group which is a reddish brown consistent 
matter quality capped chain is done was acquired. 

Result of measuring 1 H-nmr spectrum of compound which it 
acquires, fromfact that thiol group of polysulfide polymer and 
proton peak which derives in vinyl group of acrylonitrile have 
disappeared, verified capped chain of the terminal thiol group. 



Furthermore, sulfur powder 1 10.6g was added in reaction 
solution, 1 6 hours churning weredone with 90 deg C. 

With advance of reaction sulfur powder disappeared. 

Next, solvent and triethylamine vulcanization agent 2 which 
is shown in thebelow-mentioned formula which is a consistent 
matter quality of reddish brown byremoving in 90 deg C, 41 5 
g was acquired in vacuum. 

[0050] 
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[Chemical Formula 4] 



[0051] 

LP-55. 4000)300g 

21. 7g, hUx^;U7=> 0.9g SJSftSL 100 deg 
C "C 7 B#f B 1«#£*7ofc 0 

tZo 

»b*ifcft£«ja> ih-nmr x^hu^SUSL 

*€>lc,Ki6*a+^SMt»* no.6g 
U90degCT* !6»M«»*fTofco 

90 deg C IZ*5t^Tl»*-r4Cfc|Zj:y,#»ft 

3 £ 428g mtzo 

[0052] 

[ft 5] 

0 




(In Formula, n is 23. ) 
[0051] 

Production of vulcanization agent 3 

dimethyl maleate 2 1 .7g % triethylamine 0.9g after adding, 7 
hours churning were done with 100 deg C the polysulfide 
polymer which possesses thiol group in terminal (Toray 
Thiokol Co. Ltd. (DB 69-079-161 1 ) corporation LP-55, 
molecular weight 4000 ) as unsaturated hydrocarbon 
chemicalcompound which possesses toluene 1 5g % electron 
withdrawing group in 300 g. 

After reaction termination, polysulfide polymer which 
terminal thiol group which is a reddish brown consistent 
matter quality capped chain is done was acquired. 

Result of measuring 1 H-nmr spectrum of compound which it 
acquires, fromfact that thiol group of polysulfide polymer and 
proton peak which derives in carbon-carbon double bond of 
dimethyl maleate have disappeared, verified capped chain of 
the terminal thiol group. 

Furthermore, sulfur powder 1 10.6g was added in reaction 
solution, 16 hours churning weredone with 90 deg C. 

With advance of reaction sulfur powder disappeared. 

Next, solvent and triethylamine vulcanization agent 3 which 
is shown in thebelow-mentioned formula which is a consistent 
matter quality of reddish brown byremoving in 90 deg C, 428 
g was acquired in vacuum. 

[0052] 

[Chemical Formula 5] 



S^C 2 H4 0CH 2 -0-(^H4-S4tC2H40-CH 2 *0-C2H4-S < 




[0053] 

(*(*U**3-;ua LP-55. tt^Pg 4000)300g 



[0053] 

Production of vulcanization agent 4 

2 -ethylhexyl glycidyl ether 28. Og* triethylamine 0.9g after 
adding, 1 6 hours churning were done with 90 deg C the 
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WtLT 2-x^;U's+i/^-5'* , Jvv;Ux— t)V 
28.0g. h'JX^U7£> 0.9g £3sflP&, 90 deg C 

fc. 

^tlfdb^O) 1H-NMR7/<?MU£;!3£L 

*6lc,fil6*a+l=ttlt»* 110.6g £;SflO 
U 90 deg C T- 16 #WMtW£frotz. 

fiJS©Hffi:i:tl=«Jt»*l4}B*Lfc. 

90 deg C lcfcL^n»3c-r4C(!:lcJ:y,#fife 
©tt%*5*ltT?fc5TIBaic***l4in«iWI 
3 £ 436g 

[0054] 

[fc 6] 



polysulfide polymer which possesses thiol group in terminal 
(Toray Thiokol Co. Ltd. (DB 69-079-161 1 ) corporation 
LP-55* molecular weight 4000 ) as epoxy compound 
whichpossesses hydrocarbon group of carbon number 4 or 
more which is possible to include the toluene 15g* 
heteroatom in 300 g. 

After reaction termination, polysulfide polymer which 
terminal thiol group which is a consistent matter quality of 
reddish brown capped chain is done was acquired. 

Result of measuring 1 H-nmr spectrum of compound which it 
acquires, fromfact that proton peak which derives in epoxy 
group has disappeared,verified capped chain of terminal thiol 
group. 

Furthermore, sulfur powder 1 10.6g was added in reaction 
solution, 16 hours churning weredone with 90 deg C. 

With advance of reaction sulfur powder disappeared. 

Next, solvent and triethylamine vulcanization agent 3 which 
is shown in thebelow-mentioned formula which is a consistent 
matter quality of reddish brown byremoving in 90 deg C, 436 
g was acquired in vacuum. 

[0054] 

[Chemical Formula 6] 



C 4 H g -CH-CH 2 -0-CH 2 -CH-CH 2 -s4c 2 H40CH2O-C 2 H 4 -S 4 j- 
C 2 H 5 OH 'n 



-C 2 H4O-CH 2 -O-C 2 H 4 -S-CH 2 -CH-CH 2 -0-CH 2 -CH-C 4 H 9 



OH 



C 2 H 5 



(j£**nli 23-efcSo) 
[0055] 

Jbtt LP-55, 4000)300g 

ft 4 ja±a>«ft*3R***-r*x^*i/<bd 

ttfcLTXTTWUy'JS/i^UX— t)U 49.0g. h 
■JX^UT£> 0.9g £ 95 deg C TM8 B# 

mt>Htzit-&m<D 1 H-NMR 7>*9Hb£mfcL 



(In Formula, n is 23. ) 
[0055] 

Production of vulcanization agent 5 

stearyl glycidyl ether 49.0g % triethylamine 0.9g after adding, 
1 8 -hour it agitated with 95 deg C polysulfide polymer which 
possesses thiol group in terminal (Toray Thiokol Co. Ltd. 
(DB 69-079-161 1 ) corporation LP-55, molecular weight 
4000 ) as epoxy compound which possesses hydrocarbon 
group of carbon number 4 or more which is possible to 
include toluene 15g^ heteroatom in 300 g. 

After reaction termination, polysulfide polymer which 
terminal thiol group which is a consistent matter quality of 
reddish amber capped chain is done was acquired. 

Result of measuring 1 H-nmr spectrum of compound which it 
acquires, fromfact that proton peak which derives in epoxy 
group has disappeared,verified capped chain of terminal thiol 
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L,90degCT* 16B#Rfl£#£*7ofco 
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4 £ 456g f#fco 
[0056] 

Mb 7] 

C18H37-O- CH 2 -CH-CH 2 - S-j- Cj>H 4 - 0- CH 2 -0- C 2 K 
OH > 



group. 

Furthermore, sulfur powder 1 10. 6g was added in reaction 
solution, 16 hours churning weredone with 90 deg C. 

With advance of reaction sulfur powder disappeared. 

Next, solvent and triethylamine vulcanization agent 4 which 
is shown in thebelow-mentioned formula which is a consistent 
matter quality of yellowish earthen color byremoving in 90 
deg C, 456 g was acquired in vacuum. 

[0056] 

[Chemical Formula 7] 



I4-S4+- 



-C2H^O-CH2-0-C2H4-8-CH2-CH-CH2-0-Ci8Hs7 

OH 



(SC+,ntt 23 -CfcSo) 
[0057] 

humm 6 

|$($bft3-;H± LP-55, ft+m 4000)300g 
ICHUXV ISg.^T-PJS^F-^A/^t^L^* 

tttLT P -t^f;i/7i-;^* l Jyy;i/X-f^ 

33.7g. MJX^/U75> 0.9g ZmVlk. 95 deg C 
*18B#l«ffl**fTofc. 

f#b*lfc<b£ttl<D lH-NMRX"C9hJU£MSL 
fete*. X7K+v*lcS*-r5^ah>t - -^^ 

*&fC % Sa»* + lC«Jt»* H0.6g $^*D 
Ls 90 deg C T 16 ftHHftttfcfTofc. 

oive* safe hux^uTsvsjtffi+t? 

90 deg C lCfc^Tl**+4CfclCj:y* 

5 $ 440g tffco 
[0058] 



(In Formula, n is 23. ) 
[0057] 

Production of vulcanization agent 6 

p- t-butyl phenyl glycidyl ether 33.7g s triethylamine 0.9g 
after adding, 1 8 -hour it agitated with 95 deg C polysulfide 
polymer which possesses thiol group in terminal (Toray 
Thiokol Co. Ltd. (DB 69-079-161 1 ) corporation LP-55, 
molecular weight 4000 ) as epoxy compound which possesses 
hydrocarbon group of carbon number 4 or more which is 
possible to include toluene 1 5g. heteroatom in 300 g. 

After reaction termination, polysulfide polymer which 
terminal thiol group which is a consistent matter quality of 
reddish brown capped chain is done was acquired. 

Result of measuring 1 H-nmr spectrum of compound which it 
acquires, fromfact that proton peak which derives in epoxy 
group has disappeared,verified capped chain of terminal thiol 
group. 

Furthermore, sulfur powder 1 10.6g was added in reaction 
solution, 16 hours churning weredone with 90 deg C. 

With advance of reaction sulfur powder disappeared. 

Next, solvent and triethylamine vulcanization agent 5 which 
is shown in thebelow-mentioned formula which is a consistent 
matter quality of reddish brown byremoving in 90 deg C, 440 
g was acquired in vacuum. 

[0058] 
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(3t4Mili 23 tfe-So) 
[0059] 

it&mtLX. TUAizftt it£Vl<D®i&Z . 
10-l20788-^^l8lc!2«E$ttTt>5^;i 

[0060] 

(*(*U^^-3-;Utt LP-55, fl-f-ft 4000)300g 
;i,T5> I5.lg£3$jjnf£. 100 deg C V 14 B#P B 1tg 

J5IE*I7&. M±J*l!j-Cfc5h , Jx*;u7S:/* 
fclt*, iK'J*;u7-r KM**©**— 

'*6l=,fi«*j**l=«lt»* H0.6g £iSJ)Q 
L. 90 deg C T- 1 6 BtRi] JS#£frofc. 

S«©J|fTfcfct(=«ll»3RI*a*L.*:. 

90 deg C ICt5lvcl*art-*CilCj:y,#»fe 

£410g*#fc„ 
[0061] 
lit 9] 



(In Formula, n is 23. ) 
[0059] 

Production of vulcanization agent 7 

As Comparative Example, it produced compound which is 
shown in below-mentionedformula, with method and similar 
method which are stated in the Japan Unexamined Patent 
Publication Hei 10-120788 disclosure. 

[0060] 

polysulfide polymer which possesses thiol group in terminal 
(Toray Thiokol Co. Ltd. (DB 69-079-161 1 ) corporation 
LP-55 % molecular weight 4000 ) in 300 g the toluene 1 5g , 
allyl chloride 1 1.5g x triethylamine 15.1g after adding, 14 
hours churning were done with 100 deg C. 

polysulfide polymer which terminal thiol group which is a 
reddish brown consistent matter quality after reaction 
termination, byremoving triethylamine acetate which is a 
by-product capped chain is done was acquired. 

As for result of measuring 1 H-nmr spectrum of compound 
which it acquires,from fact that it can recognize peak which 
derives in the carbon-carbon double bond of disappearance 
and allyl group of peak of thiol group derivationof polysulfide 
polymer, capped chain of terminal thiol group was verified. 

Furthermore, sulfur powder 1 10. 6g was added in reaction 
solution, 1 6 hours churning weredone with 90 deg C. 

With advance of reaction sulfur powder disappeared. 

Next, solvent and triethylamine vulcanization agent which is 
shown in thebelow-mentioned formula which is a consistent 
matter quality of reddish brown byremoving in 90 deg C, 410 
g was acquired in vacuum. . 

[0061] 

[Chemical Formula 9] 
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H2C — HC h^C' 



:-S-^C 2 H4-OCH 2 -0-C2H4-S 4 j-C2H 4 



0-CH 2 -0-C 2 H4-S-CH 2 -CH==CH 2 



(xC^nfi 23T'fe* e ) 
[0062] 

£1G01 1-7 fttfJttMH 1-2 
[0063] 



(In Formula, n is 23. ) 
[0062] 

Working Example 1-7 and Comparative Example 1~2 

First, master batch was produced with combination which is 
shown inbelow-mentioned chart with conventional method . 

[0063] 

















Combination of master batch 














100 


■ffi- .& tVn 


polyisoprene rubber 


100 


parts by weight 


*— #>:^*(N339) 














50 




carbon black (N339 ) 


50 


parts by weight 


















3 


MSG 


zinc oxide 


3 


parts by weight 


















1 




stearic acid 


1 


parts by weight 


^^l»ihSt](N-7x-;t,-N'-(i,3-v^^;u^^;u) 






N- phenyl-N'- ( 1 and 3 -dimethy lbuty 1 ) antioxidant 


-P- 
















1 




-P- 


phenylene v75 


1 


parts by weight 



[0064] 

1-7. ian(5%;4sasi»^>r^ 

*)*ftltt1B]iffl CZ(N-v<7P^+v;U-2-K> 
E£(««ttrC?S£LfcflL 148 deg C. 30 #<7) 



0064] 

Vis-a-vis this master batch 155 parts by weight, vulcanization 
agent 1-7. sulfur which is produced at description above(5% 
oil treated powder sulfur ), after mixing with combination 
(parts by weight ) which shows vulcanization accelerator CZ 
(N- cyclo hexyl -2- benzo thiazolyl sulfenamide ) 
inbelow-mentioned Table I, it vulcanized rubber with 
condition ofl48 deg C. 3 0 min, offered to each test below, 
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clearly wrote result in the Table 1 . 
[0065] 

TB (break strength ) 

After vulcanizing and conforming to J1SK 6251 , it measured 
break elongation after heat ageing with condition of 100 deg 
CX 96 hours, sought retention (After post-ageing/ 
vulcanizing). 

EB (break elongation ) 

After vulcanizing and conforming to J1SK 625 1 , it measured 
break strength after heat ageing with condition of 100 deg CX 
96 hours, sought retention (After post-ageing/ vulcanizing). 

abrasion resistance 

Using Lambourn wear test machine (Iwamoto Seisakusho 
Ltd. make), it measured with condition of load 5 kg % 
slippage 25%. time 4 min % room temperature and it 
showed worn reduced amount as exponent. 

Furthermore, extent abrasion resistance where numeral is 
large issatisfactory, it shows . 

[0066] 

[Table 1] 









mm 


SIM! 4 


3IKS0I15 




XMM7 




Jt««2 




155 


155 


155 


155 


155 


155 


155 


155 


155 


MKM2 

mm 
mm 4 

mmme 


2.58 


2. 55 


2.64 


2.62 


2.8 


2. 64 


1.3 








1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


0.7 
1.5 


1.35 
1.45 


2.8 

1.5 ! 


IMF- 

TB (MPa) 
B B {%) 


29.1 
553 


29.3 
550 


29.2 
549 


28.6 
540 


28.9 
538 


28.9 
542 


29.2 
545 


28.6 
543 


29 
524 


TB (MPa) 
EB (%) 


25.6 
476 


24.9 
480 


24.2 
450 


22.9 
460 


22.5 
447 


24.1 
444 


24.2 
436 


17.5 
364 


23.8 
414 




0.88 
0.86 


0. 85 
0. 87 


0. 83 
0.82 


0.8 
0.85 


0. 78 
0. 83 


0. 83 
0. 82 


0. 83 
0.8 


0.61 
0. 67 


0.82 
0.79 1 




115 


113 


112 


108 


106 


104 


108 


100 


92 



[0065] 

TB(«ffiiSi8) 

ImQU&ti&lf 100 deg C x 96 B#fS<D&#|::J:-5> 
8fts£<b&a>«SSr#tf£.nSK. 6251 IC$8JI/C»I 
SU *«>flM#»(*fl:tt/anttft)* **>fc. 



EB(«W#tf) 

inSS&fccfci/ ioo deg c x 96 B#paro*fri-<t-5 

®mit&o)f&m&&£ jisk 6251 izmmtxm 

JflLTffif* 5kg. X'J?7* 25%. 4^,1 

[0066] 
[81] 



[0067] 

Kit*. #S&BJ§<D||j&S0i) l~7 03*A*gf«!|ai*. 
f»*flSfc**W»SCTB)j3J:tf«K#tf<EB) 



[0067] 

As shown in above-mentioned Table 1 , without using 
vulcanization agent of the this invention in comparison with 
rubber composition of Comparative Example 1 which is 
vulcanizedwith sulfur , rubber composition of Working 
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4dAJflJntt»S1l!ffll=«jr*-*::i:J&<-C* 

So 



*»W© JAJBto««*=fAiBi«ttl=e 
fltfA©IMeett*Gl±*1*4CfcA<T?**. 
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Example 1-7 of this invention shows thesatis factory retention 
after heat ageing break strength (TB ) and concerning the 
break elongation (EB ) is superior in thermal stability, it was 
verified . 

In addition, as for rubber composition of Working Example 
1~7, abrasion resistance has improved incomparison with 
rubber of Comparative Example 2 which combines 
vulcanization agent 7 where terminal structure differs, 
vulcanization agent for rubber of this invention dispersibility 
ishigh vis-a-vis rubber molecule, it was verified . 

[0068] 

[Effects of the Invention] 

Following to this invention, unsaturated hydrocarbon 
chemical compound which possesses polysulfide polymer and 
unsaturated alicyclic compound* electron withdrawing group 
which possess thiol group in terminal, or, the epoxy 
compound which possesses hydrocarbon group of carbon 
number 4 or more which is possible toinclude heteroatom 
reacting, capped chain after doing terminal thiol group, in 
adding sulfur in main chain of polysulfide polymer 
depending, vulcanization agent for rubber which consists of 
polysulfide polymer which designates average number of 
bonds of sulfur in repeat unit as 2 super 6 or fewer can be 
producedsimply. 

In addition, you can control burning when vulcanizing in 
rubber composition the vulcanization agent for rubber of this 
invention is combined with , thermal stability of vulcanized 
rubber can improve. 
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